Objectives: The aims of this study were to identify qnr genes among quinolone-resistant Escherichia coli isolates from defined disease conditions of companion and farm animals obtained in the BfT-GermVet study, and to gain insight into their localization and the organization of the qnr gene regions.
Introduction
High-level resistance to quinolones in Escherichia coli is due to mutations, resulting in amino acid substitutions, in the quinolone resistance-determining regions (QRDRs) of the chromosomal DNA gyrase genes gyrA or gyrB and/or in the topoisomerase IV genes parC or parE. The decreased intracellular accumulation of quinolones based on the up-regulation of efflux pumps and/or modified outer membrane porins has been described as well among Enterobacteriaceae. 1 In addition, various plasmidmediated quinolone resistance genes have been discovered. Among them, five different families of qnr genes (qnrA, qnrB, qnrC, qnrD and qnrS) have been described, which confer low-level resistance to quinolones and decreased susceptibility to fluoroquinolones by target protection. 2 For the qnrA, qnrB and qnrS genes, different alleles have been described, which exhibit minor variations in the deduced amino acid sequences of the corresponding Qnr proteins (http://www.lahey.org/qnrStudies). One of these genes, qnrB19, has been reported on plasmids of varying size and incompatability (Inc) groups such as IncL/M, IncR and IncN or on small ColE-like plasmids. 3 -8 Moreover, qnrB19 was located in different genetic environments, such as being part of the transposon Tn2012 or of an insertion sequence (IS) ISCR1 complex class 1 integron and being flanked by IS26 elements. 4, 9, 10 Since little is known about the presence of qnr-mediated quinolone resistance in Enterobacteriaceae of diseased animal origin in Germany, we screened all E. coli isolates of companion and farm animals collected in the BfT-GermVet study for the presence of qnr genes, their transferability and their genetic environment.
11,12

Materials and methods
Bacterial isolates and susceptibility testing
In the BfT-GermVet monitoring study, 1626 bacterial isolates from defined disease conditions of companion and farm animals were 11 The 417 E. coli isolates from dogs/cats (n¼228), horses (n¼102) and swine (n¼87) formed the basis of the present study. 12 Among the E. coli isolates from dogs/cats, 100 were obtained from gastrointestinal infections, 100 from urinary/ genital tract infections and 28 from respiratory tract infections. The 102 E. coli isolates from horses and the 87 E. coli isolates from swine were from genital tract infections and urinary/genital tract infections, respectively. 11, 12 As enrofloxacin MICs had already been determined in the BfT-GermVet study, 12 the MICs of nalidixic acid were determined for all 417 E. coli isolates by broth macrodilution according to the recommendations of the CLSI. 13 E. coli ATCC 25922 served as a quality control strain.
Molecular analyses
Whole-cell DNA of all isolates was obtained by phenol-chloroform extraction and subjected to PCRs for the genes qnrA, qnrB, qnrC, qnrD and qnrS. Moreover, the QRDRs of the genes gyrA, gyrB, parC and parE were amplified by PCR and sequenced for E. coli isolates carrying qnr genes (Table S1 , available as Supplementary data at JAC Online). Isolates harbouring a qnr gene were also analysed by multilocus sequence typing (MLST), which was performed according to the specifications given at http://mlst.ucc.ie/mlst/dbs/Ecoli.
Plasmids were transferred by conjugation into the rifampicin-resistant E. coli recipient strain HK225 and selected on Luria-Bertani agar plates containing 100 mg/L rifampicin and 10 mg/L nalidixic acid.
14 The transferred plasmids were typed by PCR-based replicon typing and plasmid-MLST (pMLST), and their sizes were determined by S1 nuclease PFGE. 15 -17 Plasmids were digested with the enzymes BglII, DraI, EcoRI, PvuII and SfuI, and the qnrB gene detected by Southern blot hybridization using the qnrB amplicon as probe and a non-radioactive labelling and detection kit (Roche Diagnostics GmbH, Mannheim, Germany). E. coli TOP10 served as the recipient strain for the cloning experiments. The qnrB-carrying DraI and EcoRI plasmid fragments were cloned into the vector pCR2.1.TOPO (Invitrogen, Karlsruhe, Germany). The sequence of the qnrB19-carrying plasmid pQNR2078 was obtained by sequencing SfuI plasmid fragments cloned into pBluescript II SK+ (Invitrogen, Groningen, The Netherlands) or by directly sequencing the transferred plasmid via primer walking. Sequence comparisons were carried out using the Blast w programs blastn and blastp (http://blast.ncbi.nlm.nih. gov/Blast.cgi), the open reading frame (ORF) finder program (http://www.ncbi.nlm.nih.gov/projects/gorf/) and the IS finder program (http://www-is.biotoul.fr/is.html) (all web sites: date last accessed 6 December 2011).
Nucleotide sequence accession number
The nucleotide sequence of pQNR2078 has been deposited in the European Molecular Biology Laboratory database under accession number HE613857.
Results and discussion
Screening for qnr genes and characterization of qnr-positive isolates PCR-directed screening of all 417 E. coli isolates showed that none was positive for the genes qnrA, qnrC, qnrD or qnrS. Solely, two E. coli isolates (nos. 2078 and 2086), obtained in 2005 from independent swab samples of mares suffering from genital tract infections, were positive for the gene qnrB. The places where the corresponding horses were kept were located 80 km apart from each other in the western part of Germany.
Sequence analysis of the cloned qnrB-carrying DraI and EcoRI fragments revealed the presence of a qnrB19 gene in both isolates. The two original E. coli isolates had MIC values of 32 mg/L for nalidixic acid and 1 mg/L for enrofloxacin, and thus showed decreased susceptibility to (fluoro-)quinolones. Analysis of their QRDRs identified wild-type nucleotide sequences for the genes gyrA, gyrB, parC and parE. MLST assigned both isolates to ST86.
Analysis of the qnrB19-carrying plasmid pQNR2078
Southern blot hybridization of undigested plasmid DNA, obtained from isolates 2078 and 2086, and plasmid transfer experiments revealed that the qnrB19 genes in the two equine E. coli isolates were located on conjugative plasmids of 40 kb. The plasmids pQNR2078 and pQNR2086 showed indistinguishable restriction patterns when using the restriction endonucleases BglII, EcoRI, DraI, PvuII and SfuI (data not shown). The E. coli HK225-transconjugants carrying plasmids pQNR2078 or pQNR2086 had MIC values of 64 mg/L for nalidixic acid and 2 mg/L for enrofloxacin. Susceptibility testing confirmed that both plasmids did not confer any other resistance properties and typed as IncN. The qnrB19 gene has been described recently to be located on conjugative 40 kb IncN plasmids in E. coli isolates of equine origin from the Czech Republic, 6 indicating a wide geographical distribution of such plasmids among E. coli isolates from horses. Typing of the IncN plasmids resulted in the pMLST type ST8. An IncN plasmid with the pMLST type ST8 carrying the qnrB19 gene has also been described in a human Salmonella Typhimurium isolate from the Netherlands. 5 Sequence analysis of the DraI and EcoRI clones revealed that the gene regions flanking qnrB19 were identical in pQNR2078 and pQNR2086.
Since both plasmids exhibited the same characteristics, one of them-pQNR2078-was chosen for complete sequencing. Plasmid pQNR2078 had a size of 42 379 bp and exhibited 47 ORFs, including the qnrB19 gene. Among the identified ORFs, 14 coded for tra genes, which are involved in conjugative plasmid transfer ( Figure 1a) . As expected from the results of phenotypic susceptibility testing, no resistance genes other than qnrB19 were identified.
The resistance gene qnrB19 was flanked by copies of IS26 located in the same orientation. The IS26 element upstream of qnrB19 and the immediate flanking regions showed homology to a previously described plasmid from Salmonella Typhimurium, which harboured the qnrB19-carrying transposon Tn2012. 3 However, ISEcp1C, which is part of transposon Tn2012, was not detected in pQNR2078 (Figure 1b) . Instead, a second IS26 element was identified 140 bp downstream of the qnrB19 gene. As IS26 produces 8 bp target site duplications, 18 the detection of different 8 bp sequences immediately up-and downstream of the IS26 elements suggested that the qnrB19 gene region in pQNR2078 resulted from recombination events involving IS26 elements rather than from the simple integration of IS26 elements. A qnrB19 gene bracketed by IS26 on the IncR plasmid p013.1IncR from an E. coli isolate of veal calf origin has been described recently with the downstream IS26 being located 44 bp apart from the qnrB19 gene. 4 However, the analysis of the sequences flanking the IS26 elements and the spacers between qnrB19 and IS26 suggested that the qnrB19 regions in p013.1IncR and pQNR2078 have developed Schink et al. independently. Sequence alignment of pQNR2078 with plasmids from the database identified a fragment of orf1 of the transposon Tn1721 downstream of the right-hand IS26 and part of a tnpA gene of Tn1721 upstream of the left-hand IS26 (Figure 1b) .
The comparison of the entire sequence of pQNR2078 with plasmids from the database of the National Center for Biotechnology Information identified the same DtnpA of Tn1721-IS26 structure in pKC396, a bla CTX-M-65 -carrying IncN plasmid with pMLST type ST8 from E. coli. 19 Besides the resistance gene region, the nucleotide sequences of these two plasmids revealed a striking overall identity of 99.0% (Figure 1a) . A similar IncN plasmid, which harboured a truncated Tn1721 with the tetRtet(A) tetracycline resistance genes, a class 1 integron with bla OXA-2 and aadA1 gene cassettes and a sul1 gene, has also been sequenced (AY046276.1). Moreover, the extendedspectrum b-lactamase ('ESBL') gene bla CTX-M-1 has been described to be transmitted on IncN plasmids between E. coli isolates of animal and human origin. 20 In conclusion, qnr genes were rarely detected among E. coli from diseased animals in Germany and this is the first description of qnrB19 in E. coli isolates from horses in Germany. The gene qnrB19 in animal E. coli isolates qnrB19 was detected in a new genetic environment on conjugative IncN plasmids, which may play a role in the dissemination of this quinolone resistance gene.
